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Abstract  
The Cyclic Voltammetric (CV) technique is one of the Ag/AgCl 
fabrication processes. In electrochemical processes using this CV 
technique, the microstructure of the surface of a substrate or 
electrode can affect the scan rate. Thus, this study aims to identify 
the scan rate effect of the Cl-ion sensor fabrication process using the 
CV technique on the performance of the Cl-ion sensor. First, the CV 
process was carried out in one cycle to grow the AgCl layer on the 
Ag surface. Then, this process was carried out at varied scan rates 
of 20, 40, 60, 80, and 100 mV/s. After completing the Ag/AgCl 
fabrication process, it was followed by the characterization process, 
selectivity coefficient test, lifetime test, and validation test to compare 
the test results of the Cl SPE Ag/AgCl ion sensor with Ag/AgCl 
commercial. The results showed that the optimum Cl-ion sensor 
response was obtained at the scan rate of 60 mV/s. Then, based on 
the validation test, the Cl-ion in the two samples did not show 
significant differences. Therefore, it indicates that the SPE Ag/AgCl 
ion sensor has the same performance as the Ag/AgCl commercial.  
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Chloride ion (Cl-ions) is one of the most 
common types of anions and is typically found in 
many types of samples such as seawater, 
electrolyte body fluids, soil, drinking water, and 
rocks [1, 2, 3, 4, 5]. Besides, Cl-ions are widely 
applied daily for medicine, food, energy, chemical 
synthesis, and others [6, 7, 8, 9]. However, the 
presence of Cl-ions in an inappropriate amount 
negatively affects living things and the 
environment. Thus, monitoring Cl-ions in a sample 
is important [2, 4, 10, 11, 12]. 
Some methods for measuring Cl-ions have 
been developed and applied, such as titration, ion 
chromatography, ICP-AES, and UV-Vis. However, 
they have some disadvantages such as requiring 
a long time, unable to perform in situ 
measurements, limited measurement range, 
requiring special treatment, and being costly [2]. 
Another alternative is using the potentiometric 
measurement technique, which is based on 
measuring the potential difference between the 
working electrode and the reference electrode 
versus the ion concentration log. The 
measurement process with the potentiometric 
technique is performed in the absence of current 
[13]. The advantages of this method cover in-situ 
measurement, fast, minimum treatment, wide 
measurement range, and low cost [14]. 
The working electrode used in the 
potentiometric technique is widely known as the 
ion-selective electrode (ISE), which acts as a 
sensor. This electrode has a thin layer that is 
sensitive to the presence of target ions [13]. One 
of the most common types of ISE used in testing 
Cl-ions is the Ag/AgCl electrode. The surface of 
the Ag/AgCl electrode is very sensitive to changes 
in the concentration of Cl-ions in a sample [2, 10, 
11, 15, 16]. In general, the Ag/AgCl electrode 
shape is like a rod and large. This shape and size 
make the Ag/AgCl electrode less effective as it 
requires a large sample volume and is costly. 
Besides, this shape and size provide complexity in 
the integration process with other electrodes such 
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as reference electrodes or electronic reading 
devices. Thus, making Ag/AgCl electrodes in 
smaller and simpler sizes [2, 10, 15]. 
One type of ISE electrode that has 
developed over the decades is the screen-printed 
electrode (SPE). The advantages of this electrode 
are small, simple, easy to integrate with other 
electrodes or electronic reading devices, has low 
sample volume, and is low cost. Therefore, it is 
more flexible for in-situ measurements [2][11]. 
Generally, the Ag/AgCl electrodes are 
fabricated through some methods such as the 
oxidation process with solvents and 
electrochemical processes such as asymmetric 
square wave voltammetry (aSWV), open current 
potential (OCP), or anodization process at certain 
voltages [2, 10, 16, 17]. Besides, the Ag/AgCl 
fabrication process using the Cyclic Voltammetric 
(CV) technique has also been previously carried 
out but only at one scan rate [18]. However, in 
electrochemical processes using CV techniques, 
the scan rate can affect the microstructure of the 
surface of a substrate or electrode [19]. Thus, it 
has the potential to affect the performance of the 
resulting Cl-ion sensor. Therefore, this study aims 
to identify the effect of the scan rate of the Cl-ions 
sensor fabrication process using the CV technique 




The implementation of this research used 
come equipment, including the CS350-Corrtest 
electrochemical workstation (Wuhan Corrtest 
Instruments Corp., Ltd., Wuhan, China). The 
reference electrode of Ag/AgCl double-junction 
type Orion®900200 from Thermo Fischer, the 
Ag/screen-printed electrode (SPE) (Scrint Print 
Berhad, Malaysia) is shown in Figure 1, where Ag 
and C electrodes with the diameter of 4 mm and 
thickness of 10 mm of each. Meanwhile, the 
commercial Cl sensor used was the rod type 




The materials used were salts of  KCl, 
Na2CO3, Na2SO4, 10H2O, Na2HPO4, 12H2O and 
NaH2PO4, 2H2O (Cica Reagents). It also used salt 
of KNO3 (Merck).  
 
Experimental 
The SPE Ag/C and the double junction 
Ag/AgCl electrode were connected to a CS350-
Corrtest electrochemical workstation. The Ag 
electrode acted as the working electrode, while 
the C electrode served as the counter electrode 
and the Ag/AgCl electrode became the reference 
electrode. The three electrodes were then rinsed 
with deionized water (DIW) and dried with tissue 
paper. After drying, they were put in a 0.1 M KCl 
solution and followed by the CV process for one 
cycle to grow the AgCl layer on the Ag surface. 
This process was carried out at varied scan rates 
of 20, 40, 60, 80, and 100 mV/s. After the CV 
process was conducted, the AgCl layer was 
formed on the Ag surface marked by a change 
from silver to dark gray color [2][16], as shown in 
Figure 2. 
Then, the produced SPE Ag/AgCl electrode 
acted as Cl- ion sensors and characterization were 
carried including testing the response of Cl-, 
Nernst number, linear range, and LOD using 0.1-
10-8 M KCl solution. Then, it was followed by the 
selectivity coefficient test using the separated 
solution methods (SSM). It used the interfering 
solution of NO3-, H2PO4-, HPO42-, SO42- and CO32-   
in which the main ion solution and the interfering 
ion were carried out at a concentration of 0.1 M. 
Furthermore, it was also followed by the lifetime 
test of the Cl ion sensor and validation test using 
a real sample solution, where the test results of the 
Cl SPE Ag/AgCl ion sensor would be compared 
with the test using the Ag/AgCl commercial. The 
whole characterization process was carried out 
using potentiometric measurement techniques. 
The Ag/AgCl electrode, both SPE and 
commercial, served as the working electrode and 
the double junction Ag/AgCl electrode served as 
the reference electrode. The working electrode 
and the reference electrode were connected to the 
electrochemical workstation and included in the 
test solution in the testing process. The obtained 
potential value (mV) is then recorded to be 




Figure 1. SPE Ag/C from Scrint Print Berhad-Malaysia 
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Figure 2. Formation of the Ag/AgCl layer on the Ag surface after CV process for 1 cycle at 0.1 M KCl 
solution 
 
RESULTS AND DISCUSSION 
Chloride Sensor Preparation 
The CV technique's electrodeposition 
process is common to coat a metal surface [10,18, 
19]. In this study, the AgCl coating process on the 
surface of SPE Ag to form the Cl- ion sensor was 
performed at varied scan rates and 0.1 M KCl 
solution for one cycle. Figure 3 shows the process 
of forming the AgCl layer on the surface of the 
SPE Ag electrode at the scan plot from -1 to 1 V, 
in which the voltage of -1 to +1 V was the 
occurrence of the AgCl coating process on the 
SPE Ag surface where the Ag metal reacts with Cl 
ions resulting AgCl and one electron. The 
occurrence area of the coating was defined as an 
anodic process. Meanwhile, after it reached +1 V, 
it would return to -1 V in which there was a partial 
dissolution of the AgCl layer, where the AgCl layer 
reacts with one electron to form Ag metal and Cl- 
ions. The area of dissolution of AgCl was defined 
as the cathodic area [10, 19, 20]. The overall 
reaction process for the formation of the AgCl 
layer on the SPE Ag surface followed the reaction 
equation: 
Ag + Cl  AgCl + 1e (1) 
Figure 3 shows that the oxidation (Ipa) and 
reduction (Ipc) peaks are different for each scan 
rate variation. 
In general, the Ipa and Ipc peaks would be 
linear with the applied scan rate [19][21]. This is 
because the Ipa and Ipc peaks represent the 
maximum current for the oxidation and reduction 
processes during the electrodeposition process.
 
 
Figure 3. Cyclic voltammetry graph of Ag/AgCl formation process at 0.1 M KCl solution with varied 
scan rates 
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However, Figure 3 and Figure 4 show that 
the Ipa and Ipc peaks were linear only from 20 
mV/s to 60 mV/s. Meanwhile, the scan rates of 80 
mV/s and 100 mV/s produced static and 
decreasing Ipa peaks. Even after the Ipc peak, it 
became higher as shown in Table 1 and Figure 4. 
 
Table 1. The peak values of Ipa, Ipc, and Ipa/Ipc 
on the scan rate variation of the AgCl formation 






(A/cm2) Ipa/Ipc  
20 4.14 x 10-4 -7.80 x 10-4 0.53 
40 5.58 x 10-4 -1.05 x 10-3 0.53 
60 7.01 x 10-4 -1.38 x 10-3 0.51 
80 7.27 x 10-4 -1.29 x 10-3 0.56 
100 6.84 x 10-4 -1.17 x 10-3 0.58 
 
The Ipa and Ipc peaks, which are not linear at 80 
and 100 mV/s are caused by the thicker AgCl layer 
formed, where the AgCl layer tends to be an 
insulator. Therefore, the maximum current at 80 
and 100 mV/s tends to decrease due to increasing 
resistance [16][22]. Besides, Figure 3 shows that 
the process of AgCl formation through the CV 
technique took place with an irreversible process 
by producing different forms of oxidation and 
reduction peaks, and it was reinforced from the 
absolute value of Ipa/Ipc ≠ 1 as shown in Table 1, 
in which the reversible reaction has the absolute 
value of Ipa/Ipc of 1. It indicates that the rate of 
AgCl formation and the dissolution of AgCl was not 
the same [23]. It is inseparable from the 
characteristic of AgCl, which is a low solubility 
crystal in the aqueous system [2, 24, 25]. 
 
 
Chloride Sensor Response 
Then, after the Ag/AgCl electrode 
preparation process with varied scan rates and 
using a 0.1 M KCl solution, it was followed by 
testing the response to the Cl- ion of each SPE 
Ag/AgCl at concentration variations of 0.1 – 10-8 M 
solution containing Cl- ions or in this case it was 
the KCl solution. The results of each Ag/AgCl 
electrode are presented in Table 2 and Figure 5. 
Based on Table 2 and Figure 5, the scan rate used 
during the preparation process with the CV 
technique affected the performance of the 
resulting Cl ion sensor. Figure 5 shows that at a 
concentration of 0.1 to 10-4 M, the resulting 
potential values were robust and appear to 
coincide for each Ag/AgCl of SPE. However, at the 
concentration of < 10-4 M, the resulting potential 
value became non-uniform. Besides, based on the 
data presented in Table 2, the linear range and the 
longest LOD were at the scan rate of 60 mV/s. It 
is inseparable from the thickness of the AgCl layer 
formed on the Ag surface, which is not uniform for 
each SPE electrode produced so that the 
sensitivity of the Cl ion sensor varied [2, 16, 23]. 
 
Table 2. The performance of the SPE Ag/AgCl 
chloride ion sensor on varied concentration levels 









LOD (M) r2 
20 -58.6 0.1-10-5 <10-5 0.9877 
40 -63.1 0.1-10-5 <10-5 0.9866 
60 -53.4 0.1-10-6 <10-6 0.9511 
80 -62.0 0.1-10-5 -7.94 x 10-6 0.9794 
100 -68.2 0.1-10-4 -4.79 x 10-5 0.9983 
 
 
Figure 4. Graph of Ipa and Ipc coating process of AgCl on the SPE Ag surface at 0.1M KCl solution 
with varied scan rates for one cycle 
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Figure 5. The response of SPE Ag/AgCl on varied concentration levels of chloride ions 
 
 
At scan rates of 20 and 40 mV/s, the AgCl 
layer formed did not completely cover the area of 
the Ag electrode. Thus, it caused some Cl- ions to 
interact with the Ag surface, and it contributes to 
the disturbing response of the Cl- ion sensor. 
Meanwhile, at scan rates of 80 and 100 mV/s, the 
linear range and LOD values were shorter than the 
60 mV/s treatment. In addition, it is affected by the 
thickness of the AgCl layer, which is thicker and 
denser as AgCl tends to be an insulator. 
Therefore, it causes the surface resistivity of the 
SPE Ag/AgCl to increase, and it contributes to a 
decrease in sensor sensitivity [16, 22, 23]. 
The surface of the Ag/AgCl was found to 
have a fairly good sensitivity to the presence of Cl 
ions, where the presence of Cl ions caused a 
change in the potential value on the surface of the 
Ag/AgCl electrode. The potential change followed 
the AgCl equilibrium equation in the aqueous 
system following the reaction: 
𝐴𝑔𝐶𝑙(𝑠) + 𝑒
− ↔ 𝐴𝑔(𝑠) + 𝐶𝑙(aq)
−  (2) 
Based on the principle of Le Chartlier that 
equilibrium will occur in the concentration of 
products and reactants in the same state, thus (2) 
can be correlated with the Nernst equation as 
follows: 







Based on (2), the product was Ag and Cl-, 
while AgCl served as the reactant. So, (3) can be 
determined to (4): 







Naturally, one of the characteristics of AgCl 
crystals is the low solubility in the aqueous system, 
and only a small part of the Cl ions is released in 
the aqueous system. Thus, in its equilibrium, the 
solid AgCl crystals are still present in the aqueous 
system. Therefore, (4) can be determined to the 
following equation: 







Then, (5) can be simplified into (6): 







Based on the Nernst equation, R is the ideal 
gas constant with a value of 8.314 J/K mol, while 
F is a Faraday number of 96.485 C/mol, n = 1 and 
at a temperature of 298 K, so that (6) can be 
determined into: 
𝐸 = 𝐸0 − 59.16𝑚𝑉 𝐿𝑜𝑔[𝐶𝑙−] + 59.16𝑚𝑉 𝐿𝑜𝑔[𝑘] (7) 
As the value of k is constant, the resulting 
potential value depends on the change in ion 
concentration [Cl-]. Therefore, (7) can be 
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𝐸 = 𝐸0 − 59.16 𝑚𝑉 𝐿𝑜𝑔[𝐶𝑙−] (8) 
Based on (8), the ideal value of the Nernst 
number for every ten times changes in the 
concentration of Cl- ions is equivalent to -59.16 
mV. In this current research, the optimum Cl- ion 
sensor response was obtained in preparation at a 
scan rate of 60 mV / s, with the Nernst number of 
-53.4 mV/dec and linear ranges between 0.1-10-6 
M. Meanwhile, the LOD value obtained was <10-6 
M with r2 value of 0.9511 and it is acceptable 
referring to Wu et.al that the acceptable r2 value 
for potentiometric measurements reaches > 0.91 
[26]. The value of the Nerst number obtained at a 
scan rate of 60 mV/s is in accordance with the 
standard Nernst number for monovalent ions of 
(50) – (-60) mV/dec. 
 
Selectivity Test (Log KPota,b) 
Based on the Cl response test results, three 
SPE Ag/AgCl were prepared at a scan rate of 60 
mV/s as the optimum sensor for the selectivity 
coefficient test. The selectivity coefficient is one of 
the parameters to be carried out in fabricating ion-
selective electrode (ISE) sensors. This study aims 
to ensure the ability of the sensor's sensitivity to 
the presence of other ions that have the potential 
for reading interference [2, 13, 27]. 
In general, there are two methods for the 
selectivity test recommended by the IUPAC, 
namely the separated solution method (SSM) [2, 
13, 28] and the mixed solution method (MSM) [28]. 
This study used the SSM method as it is simpler, 
faster, and cheaper than the MSM method [2]. The 
concept of the SSM method is to compare the 
potential value of the main ion with the potential 
value of the interfering ion at the same 
concentration level of 0.1 M or the highest 
concentration [28][29]. Moreover, the potential 
value of the main ion and the interfering ion was 









) 𝐿𝑜𝑔[𝑎𝐴] (9) 
EB and EA are the potential values obtained 
during the measurement of the interfering ion and 
the main ion. While ZA is the main ion load and ZB 
is the interfering ion load. Meanwhile, aA is the 
activity or concentration in the Molar units of the 
main ion used in the test [13, 28, 29]. 
In this study, the interfering ions used 
included a solution of NO3-, H2PO4-, HPO42-, SO42- 
and CO32- at a concentration of 0.1 M. The 
selection of the five types of the interfering ions 
was based on their potential presence in urine and 
stinky water samples used in the validation testing 
[30, 31, 32, 33, 34]. The results of the selectivity 
coefficient test are presented in Table 3. 
Table 3. The value of Log KPot a,b of the chloride 
ion sensor on the presence of some types of 
interfering ions (n=3) 
Interfering Ions Log KPot a,b 
NO3
- -1.64 ± 0.06 
H2PO4
- -3.45 ± 0.03 
HPO4
2- -3.74 ± 0.05 
SO4
2- -3.93 ± 0.06 
CO3
2- -2.34 ± 0.07 
 
Based on the data presented in Table 3, the 
highest interfering ion is NO3- ions with a ratio of 
1:10. It means that the presence of NO3- ions in the 
sample can cause serious interference if it is ten 
times higher than the chloride ion concentration. 
Meanwhile, the second-highest interfering comes 
from the CO32- ion with a ratio of 1:100, meaning 
that it can cause interference if it is 100 times 
higher than the chloride ion concentration. 
Furthermore, H2PO4- and HPO42- could cause 
serious interference if they are 1000 times higher 
than chloride ions. Furthermore, the weakest 
interfering ion is SO42- which is close to 1: 10000. 
It indicates that the risk of interference from other 
ions can occur if the chloride ion concentration in 
the sample is low and moderate. Meanwhile, 




This lifetime test was to identify how many 
times the sensor can be used [2]. This study 
provided one unit of SPE Ag/AgCl electrode and 
the measurement was at the variation of the 
concentration of Cl ions between 0.1 – 10-8 M in 
which the testing process was stopped if the 
Nernst number was outside of (-60) - (-50) 
mV/decade as the standard Nernst number for 
monovalent anions [2, 16, 27]. The results of the 
test can be seen in Figure 6. 
 
 
Figure 6. Graph of the Nernst number of the SPE 
Ag/AgCl chloride ion sensor with some 
measurements using 0.1 – 10-8 chloride ion 
solution 
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Figure 7. Illustrative images (a) the interaction of chloride ions on the sensor surface in initial use, (b) 
the interaction of chloride ions on the sensor surface after several uses 
 
Based on Figure 6, the Nernst number of 
the Cl Ag/AgCl SPE ion sensor decreased in 
which in the ninth measurement (T9), which 
produced a Nernst number of -49.9. It indicates 
that in the T9 measurement, the obtained Nernst 
number is out of the standard Nernst number for 
monovalent anions. Therefore, the prepared Cl 
SPE Ag/AgCl ion sensor can be used for eight 
measurements. 
The trend of the decrease Nernst number of 
the Cl SPE Ag/AgCl ion sensor is due to the 
degradation of the AgCl layer due to the layer 
formation of Ag2O and Ag2CO3. The formation of a 
new layer on the surface causes Cl ions from the 
sample solution to interact with the AgCl surface 
on the SPE Ag/AgCl electrode, as shown in Figure 
7. 
The formation of Ag2O or Ag2CO3 layers 
can occur through slowly dissolving AgCl into the 
sample and followed by dissolving CO2 in the 
sample to form H2CO3 as the following reaction 
mechanism [2][25]: 
AgCl → Ag + Cl- (10) 
CO2 + H2O → H2CO3  (11) 
2Ag + H2CO3 → Ag2CO3 +2H+  (12) 
Ag2CO3 → Ag2O + CO2  (13) 
Besides dissolving CO2 into the sample 
solution, the formation of Ag2O can also go 
through the reaction process with OH- with the 
following mechanism [11][35]: 
2AgCl + 2OH-  ↔ Ag2O + H2O + 2Cl- (14) 
Besides caused by the formation of a new 
layer on the surface of the Cl ion sensor, a 
decrease in the response or sensitivity of the Cl 
ion sensor might be caused by the decomposition 
of the AgCl layer due to exposure to light. Crystals 
from the AgX group, including AgCl, are very 
sensitive to light. Meanwhile, during the testing 
process, it used a bright testing room and 
chamber. Indeed, it increases the potential for light 
exposure on the SPE Ag/AgCl surface and causes 
degradation on the sensor surface over time, 
resulting in decreased sensitivity [36][37]. 
 
Validation Test 
In the fabrication of a sensor, including the 
Cl ion sensor, the validation test is necessary. It 
was to ensure that the performance of the 
fabricated sensor has the same capabilities as 
standard methods or using existing equipment 
[2][27]. In this study, the validation process was by 
comparing the data from the Cl SPE Ag/AgCl ion 
sensor results at a scan rate of 60 mV/s with the 
Ag/AgCl commercial test results. Meanwhile, the 
samples tested were fresh urine and stinky water. 
The use of fresh samples was to reduce changes 
in composition due to microbiological activity and 
contamination with other materials. Urine and 
stinky water samples were selected because 
chloride ions are widely found in urine and stinky 
water, especially from water treatments [32][38]. 
The number of sensors used was one 
sensor for each sample measurement with a 
certain repetition. The results of the measurement 
of Cl ions in the sample are presented in Table 4.  
 
Table 4. Comparison of the Cl ions concentration 
between SPE Ag/AgCl and Ag/AgCl commercial 




Ag/AgCl Comm  
(mg/L) 
Urine 29.8 ± 1.0 29.9 ± 1.3 
Stinky Water 79.3 ± 2.0 79.8 ± 0.2 
 
Based on the data presented in Table 4, the 
Cl- ion test results in the two samples are not 
much different. Therefore, it indicates that the SPE 
Ag/AgCl ion sensor has similar performances to 
the Ag/AgCl commercial. Thus, it indicates that 
there is no interference from other ions. 
Furthermore, the concentration of Cl ions in urine 
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is in the range of 29 mg/L, and it is still in 
accordance with health standards of Cl ions in the 
urine of 25-40 mg/L [39]. Meanwhile, the 
concentration of Cl ions in stinky water does not 
exceed 250 mg/L [38]. 
 
CONCLUSION 
This study reveals that the performance 
results of the fabrication of the Ag/AgCl electrode 
can be affected by the scan rate. Based on the 
obtained data, the optimum Cl- ion sensor 
response was at a scan rate of 60 mV/s with the 
value of the Nernst number of -53.4 mV/dec and a 
linear range of 0.1-10-6 M. The NO3- ion gives the 
strongest interference followed by CO32-, 
H2PO4-, HPO42 respectively- and the weakest is 
SO42-. The Cl SPE Ag/AgCl ion sensor prepared 
can be used for at least eight measurements in the 
lifetime test. Then, the validation test results show 
that the Cl ions in the two samples are not much 
different. It indicates that the SPE Ag/AgCl ion 
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